Two-port InGaAsP/InP square resonator microlasers with a side length of 20 mm have been fabricated by the planar technology process, which have two 1 mm-wide output ports connected to the vertices of the square resonator. Continuous-wave electrically injected microsquare lasers have been realised at room temperature with mode Q-factors of 1.75 × 10 4 at the threshold current.
Introduction: Microcavity lasers fabricated by planar technology processes are potential light sources in photonic integrated circuits. Microdisc lasers have attracted a great deal of attention in the past two decades owing to their low threshold and small cavity volume. To obtain directional emission and high power output, various schemes of deformed circular cavities were proposed, such as quadrupolar shaped cylinder laser [1] , spiral-shaped micropillars [2] , stadiumshaped polymer microlasers [3] , and limaçon-shaped chaotic microcavity [4] . In addition, square resonators were also investigated for possible device applications too [5] [6] [7] , and directional emission square resonator microlasers were fabricated with an output waveguide connected to the mid-point of one side of the resonator [8, 9] .
In this Letter, we report the lasing characteristics of InGaAsP/InP square resonator microlasers with two output waveguides connected to the vertices of the square resonator, which can be used to build twodimensional blocks in photonic circuits for optical signal processing. Device structure and characteristics: The 20 mm-side GaInAsP/InP square microcavity lasers with two 1 mm-wide ports are fabricated by a similar process [8] with a dry etching depth of 5.6 mm. Fig. 1 shows a scanning electron microscope (SEM) image of the fabricated square resonator with two output ports. The fabricated lasers are cleaved across one output waveguide for measuring output power. Output power coupled into a multimode fibre and applied voltage are plotted against continuous-wave (CW) injection current in Fig. 2 for a twoport microlaser. The threshold current is 28 mA and the series resistor is about 8.2 V obtained by linearly fitting the voltage -current curve from 1 to 80 mA. The highest output power is about 4.8 mW at an injection current of 72 mA. The cleaved mirror is parallel to one side of the square resonator and has a crossing angle of 458 with the output waveguide, which may limit the output power owing to the total internal reflection on the cleaved mirror. The laser output spectrum at an injection current of 34 mA is shown in Fig. 3a , and the detailed spectra of the lasing mode near 1514.2 nm measured by an optical spectrum analyser at a resolution of 0.06 nm are plotted in Fig. 3b with injection currents of 25, 26, 27 and 28 mA. The full width at half maximum (FWHM) of the resonance peak is obtained by fitting the spectrum with a Lorentzian function. The FWHM and the mode Q-factor defined as the ratio of lasing wavelength to the FWHM are plotted as the solid and open circles in Fig. 3c . The mode Q-factor increases from 7.0 × 10 3 to 1.75 × 10 4 as the injection current increases from 25 mA to the threshold current of 28 mA. Fig . 3 Lasing spectrum of two-port microlaser at injection current of 34 mA; detailed output spectra near lasing modes at injection currents of 25, 26, 27 and 28 mA; and FWHM and corresponding mode Q-factor against injection current a Lasing spectrum of two-port microlaser b Detailed output spectra near lasing modes c FWHM and mode Q-factor against injection current
Conclusion:
We have fabricated two-port InGaAsP/InP square-resonator lasers with side length of 20 mm. A continuous-wave electrically injected two-port microlaser is realised at room temperature with a lasing mode Q-factor of 1.75 × 10 4 near the threshold.
